Background: Accumulating evidence suggested that tumor microenvironment and host immune system played important roles in determining the clinical course and outcome of human malignancies. The derived neutrophil to lymphocyte ratio (dNLR) and absolute lymphocyte count (ALC) were demonstrated to act as a prognostic factor in several malignancies. Nevertheless, the prognostic significance of them in extranodal natural killer/T-cell lymphoma (ENKTL) patients has never been explored. Patients and methods: A total of 33 newly diagnosed patients with ENKTL were included in this study. Clinicopathological characteristics were collected and prognostic significance of dNLR and ALC were evaluated. Results: Elevated dNLR and low ALC were both associated with poor survival rates. Patients with dNLR ≥3.6 revealed significantly shorter overall survival (OS) (P=0.001) and progression-free survival (PFS) (P=0.008) than those with dNLR <3.6. Patients with ALC <0.8×10 9 /L had worse OS (P=0.008) and PFS (P<0.001) than those with ALC ≥0.8×10 9 /L. An independent significant association between low ALC and poor clinical outcome in multivariate analysis for OS (HR, 36.023; 95% CI, 2.438-532.243; P=0.009) as well as PFS (HR, 7.698; 95%CI,; P=0.012) was identified. Conclusion: In this study, we validated for the first time the prognostic value of dNLR and ALC in ENKTL patients. Elevated dNLR and low ALC were both associated with aggressive tumor process and poor survival.ALC value at diagnosis represented an independent favorable prognostic factor for the clinical outcome of ENKTL patients.
in non-nasal sites, including skin, testis, and salivary glands. Patients with nasal or paranasal involvement are defined as nasal type. Non-nasal cases presented more adverse clinical features and poor survival outcome. 5 At present, no standard treatment has been established due to the rarity of this disease. Although L-asparaginase-based chemotherapy regimens and radiotherapy have brought improvement in the treatment strategy of ENKTL, the prognosis of these patients is still unsatisfactory.
1, 6, 7 The International Prognostic Index (IPI), including age, Ann Arbor stage, serum lactate dehydrogenase (LDH), performance status (PS), and number of extranodal sites, is a useful scoring model for predicting the prognosis of NHL. 8 With the abandonment of anthracycline-based regimens and appearance of L-asparaginase-containing regimens, a new prognostic model, prognostic index for NK/T cell lymphoma (PINK), was established. 9 The PINK score consists of four factors, including age, stage, distant lymph-node involvement, and non-nasal type. The prognostic significance of IPI and PINK in ENKTL patients have been verified in many studies. In recent years, several studies have suggested that tumor microenvironment and host immune system played important roles in the pathogenesis and clinical outcome of human malignancies. Accumulating evidence suggested that the pre-treatment derived neutrophil to lymphocyte ratio (dNLR) was demonstrated to act as a significant prognostic factor in a variety of solid tumors, including non-small cell lung cancer, esophageal cancer, gastric cancer, breast cancer, and melanoma. [10] [11] [12] [13] [14] Nevertheless, the role of dNLR in hematological malignancies was rarely reported. 15 Lymphocytes play a crucial role in the tumor-related immune response. Elevated levels of absolute lymphocyte count (ALC) were demonstrated to be associated with favorable prognosis in several types of solid tumors, such as gastric cancer, bladder cancer and ovarian cancer. [16] [17] [18] [19] As a surrogate of host immunity impairment, ALC was reported to be a prognostic indicator in hematological malignancies, including multiple myeloma (MM), primary central nervous system lymphoma (PCNSL), and anaplastic large cell lymphoma (ALCL). [20] [21] [22] In addition, ALC was also incorporated into the International Prognostic Score (IPS) of Hodgkin lymphoma (HL). 23, 24 However, the significance of dNLR and ALC in the tumor progression and treatment response in patients with ENKTL is still unclear. In the present study, we evaluated the prognostic value of dNLR and ALC in newly diagnosed ENKTL patients.
Patients and methods

Study population
We conducted a retrospective study of a cohort of 33 patients with newly diagnosed ENKTL from February 2010 to June 2018 at Shandong Provincial Hospital affiliated to Shandong University. All diagnoses were based on the criteria of the WHO 2016 Classifications of the Tumors and Hematopoietic and Lymphoid Tissues. 25 Inclusion criteria were histopathologically confirmed of ENKTL, and pre-treatment values of white blood cell (WBC) count, ALC, absolute neutrophil count (ANC), and other clinical data. This study was approved by the Medical Ethical Committee of Shandong Provincial Hospital affiliated to Shandong University. All data of the recruited patients were obtained with written informed consent in accordance with the Declaration of Helsinki.
Data gathering
The pretreatment clinical-pathological data, such as age, gender, Ann-Arbor stage, B symptoms, Eastern Cooperative Oncology Group (ECOG) performance status (PS) score, serum LDH levels, bone marrow involvement, β2-microglobulin (β2-MG), blood EBV-DNA level, WBC, ANC, ALC, PINK score, and IPI score were collected.
Calculation of derived neutrophil/ lymphocyte ratio (dNLR)
The WBC and ANC were obtained at patient enrollment. The dNLR was calculated by a formula as [dNLR=ANC/ (WBC-ANC)], which was previously verified to have predictive power in cancer patients. 26 
Treatment
The therapeutic strategies of the included patients consist of chemotherapy alone, radiotherapy alone and combined chemoradiotherapy. The chemotherapy regimens included P-CHOP (pegaspargase, cyclophosphamide, doxorubicin, vincristine, and prednisone), P-CHOPE (pegaspargase, CHOP, and etoposide), L-EPOCH (L-asparaginase, etoposide, prednisone, vincristine, cyclophosphamide, and doxorubicin), SMILE (dexamethasone, methotrexate, ifosfamide, pegaspargase, and etoposide), GELOX (gemcitabine, pegaspargase, and oxaliplatin) and P-GemOX (pegaspargase, gemcitabine, and oxaliplatin). Radiotherapy used was no more than 56 Gy (range, 42 to 56 Gy). Response to the treatment includes complete remission (CR) or partial remission (PR), no response to treatment includes stable disease (SD) or progressive disease (PD).
Statistic analysis
OS was defined as interval from the date of diagnosis to the date of last follow-up or death. Progression-free survival (PFS) was calculated as interval from the date of diagnosis to date of disease progression. The differences of the quantitative variables were compared by Mann-Whitney U test or Student's t-test. Fisher exact test was used for categorical variables. The optimal cutoff points of dNLR and ALC were determined by receiver operating characteristics curve (ROC) and area under curve (AUC). Survival analyses were performed using the Kaplan-Meier method and the log-rank test was used to calculate for significant differences. Univariate and multivariate analyses were performed using the Cox proportional-hazards regression model. Statistical analyses were performed by SPSS software for Windows ver. 20.0 (SPSS Inc, Chicago, IL, USA). P-value of <0.05 was considered statistically significant.
Results
Clinical characteristics of patients
A total of 33 patients with pathological diagnosis of ENKTL were included in this study, including 26 (78.8%) male patients and 7 (21.1%) female patients. The median age at diagnosis was 50 years (range, 13-75 years), and 6 (18.2%) of them were more than 60 years old. About 60.6% (n=20) of them presented B symptoms. The number of patients with stage I/II and III/IV were 13 (39.4%) and 20 (60.6%), respectively. The majority of them (78.8%, n=26) had good performance status (ECOG PS score 0/1). Nineteen (58%) of the included patients revealed elevated β2-MG level and 16 (48.5%) patients presented high IPI score (IPI ≥2). patients were treated with chemotherapy alone (51.5%, n=17), radiotherapy alone (33.3%, n=11) or combined chemoradiotherapy (15.2%, n=5). One patient received salvage allogeneic hematopoietic stem cell transplantation (HSCT). Among them, 15 (45.5%) exhibited a response to the first-line therapy. The baseline clinical characteristics are described in Table 1 .
The association between clinicopathologic variables and dNLR, ALC
We next assessed the association between clinicopathologic variables and dNLR as well as ALC in the included ENKTL patients. Among them, the median value of dNLR was 1.79 (range, 0.427-7.6). 39.4% (n=13) patients were diagnosed at stage I/II with the mean dNLR of 1.801 ±0.832, versus 60.6% (n=20) at stage III/IV with the mean dNLR of 2.834±1.962 (P=0.047). In addition, the dNLR levels were significantly higher in ENKTL patients with elevated serum LDH (P=0.026), distant lymph-node involvement (P=0.013), high β2-MG (P=0.035), and high IPI score (P=0.044, Table 1 ). Low ALC levels were significantly associated with high ECOG PS score (P=0.002), elevated serum LDH (P=0.01), distant lymph-node involvement (P=0.026), elevated β2-MG (P=0.029), high IPI score (P=0.024), and increased blood EBV DNA levels (P=0.011, Table 1 ).
Correlation between dNLR, ALC, and clinical outcomes
The ROC analysis was performed to determine the specificity and sensitivity of dNLR and ALC, respectively. The most discriminative cutoff value of dNLR was 3.6, with an AUC value of 0.714 (95% confidence interval [CI], 0.524-0.904, P=0.043, Figure 1A ). The most discriminative cutoff value of ALC was 0.8×10 9 /L, with an AUC value of 0.738 (95% CI, 0.523-0.953, P=0.025, Figure 1B ). Based on the above results, we selected dNLR of 3.6 and ALC of 0.8×10 9 /L as the optimal cutoff points for survival analysis in the entire cohort.
Clinical indicators according to the dNLR and ALC at diagnosis are shown in Table 2 . Patients with dNLR of ≥3.6 presented adverse pre-treatment factors, including higher ECOG PS score (P=0.004), elevated serum LDH level (P<0.001), increased β2-MG (P=0.008), and high IPI score (P=0.018, Table 2 ). In addition, patients with dNLR ≥3.6 showed worse response to treatment compared to those with dNLR <3.6 (P=0.049, Table 2 ). Patients with ALC of <0.8×10 9 /L presented high ECOG PS score (P=0.009), elevated serum LDH level (P=0.001), increased β2-MG level (P=0.02), elevated blood EBV DNA level (P=0.019), and distant lymph-node involvement (P=0.047, Table 2 ). ENKTL patients with ALC <0.8×10 9 /L revealed more inferior treatment response compared to those with ALC ≥0.8×10 9 /L (P=0.021, Table 2 ).
Survival analysis of dNLR and ALC
Survival analysis revealed that ENKTL patients with high dNLR (≥3.6) revealed significantly shorter OS (P=0.001) and PFS (P=0.008) than those with low Figure 4A with worse OS of ENKTL patients (Table 3) . Next, we put the stage, ECOG PS score, serum LDH, distant lymphnode involvement, β2-MG, IPI score, ALC, and dNLR into the multivariate Cox model. In multivariate analysis, we identified that ALC <0.8×10 9 /L (HR, 36.023; 95%CI, 2.438-532.243; P=0.009) at diagnosis was an independent prognostic factor for the OS of ENKTL patients (Table 3) . However, the dNLR value at diagnosis was not of significance in multivariate analysis.
Analysis of prognostic indicators
In 
Discussion
The host immune system, inflammation, and tumor microenvironment have been recognized to contribute to the development and progression of human malignancies. 27 Lymphocyte count is a marker of host immune and lymphopenia is considered as a suggestion of immunocompetence. 28 As a surrogate marker of host immunity, ALC has a potent effect in anti-tumor immunity, and is related to the treatment response of several hematological neoplasms. It was reported that ALC higher than 350 cells/μL measured on the 33rd day of induction therapy was associated with better OS and eventfree survival (EFS) in acute lymphoblastic leukemia (ALL). Moreover, the day 100 ALC/AMC ratio could independently predict the outcomes in children, adolescents, and young adults with refractory/relapsed (R/R) HL who underwent autologous stem cell transplantation (ASCT). 24 Kim et al illustrated that an early recovery of ALC (>0.4×10 9 /L at 15 days) after frontline ASCT can be regarded as a good prognostic marker in patients diffuse large B-cell lymphoma (DLBCL). 30 In this study, we identified that ENKTL patients with low ALC (<0.8×10 9 /L) revealed inferior response to treatment and shorter survival time compared to those with higher ALC (≥0.8×10 9 /L). Previous studies mainly focused on the involvement and prognostic value of non-immune factors in ENKTL, such as EBV DNA. 31 More recently, several studies investigated the prognostic value of ALC in T-cell NHL. Peripheral T-cell lymphomas -not otherwise specified (PTCL-NOS) patients with lower ALC/AMC ratios showed shorter survival than patients with high ALC/AMC ratios. 32 Our study retrospectively evaluated the prognostic significance of ALC in 33 newly diagnosed ENKTL patients. Through univariate analysis as well as multivariate analysis, we identified that low ALC is a poor independent prognostic factor for clinical outcome. Consistent with previous studies, the decreasing ALC, a circulating immune cell which was considered as an indicator of immune suppression, was considered as an unfavorable prognostic marker for ENKTL. 33 The peripheral pro-inflammatory parameters, such as neutrophils, albumin, LDH, and C-reactive protein (CRP), have been reported to be associated with poor outcomes in patients with tumors. 34 As an indicator of systemic inflammation, the dNLR was validated to act as an independent prognostic factor in cancer. 26 The dNLR has been proposed as an alternative to NLR because of its convenience in cases with only WBC and ANC recorded. 26 It was demonstrated that high dNLR was associated with poor survival outcome in a variety of tumor types, including melanoma, pancreatic cancer, bladder cancer, and renal cancer. [35] [36] [37] [38] [39] As it is inexpensive and easy to calculate, dNLR could be routinely detected in the clinical practice.
29
Recently, several studies focused on the prognostic value of dNLR in patients receiving immuno-modulating therapy. In melanoma, dNLR of ≥3 exhibited an independent negative effect on the OS of ipilimumab-treated melanoma patients (n=720). 35 In addition, the pretreatment dNLR level in NSCLC was correlated with poor clinical outcome for checkpoint inhibitor therapy. 10 In hematological malignancies, Troppan et al reported that dNLR ≥1.8 was a significant factor for 5-year disease-free survival (DFS) in DLBCL patients treated with standard rituximab and CHOP (R-CHOP) regimen. 15 Elevated NLR (≥2.95) was related to inferior OS in MM patients receiving induction therapy with bortezomib-based regimens. 40 Our present study demonstrated that ENKTL patients who received first-line therapy with high dNLR (≥3.6) presented lower response (CR or PR) rate when compared to patients with lower dNLR. The prognostic effects of dNLR in hematological malignancies have been recently reported. Elevated dNLR level was an independent poor prognostic factor for transplantation-ineligible MM patients with MM. 41 Independent significant association between dNLR and poor OS as well as DFS was identified in DLBCL. 15 However, the prognostic significance of dNLR in ENKTL has not been reported. By multivariate analysis, we found that dNLR levels were associated with poor OS and PFS in ENKTL patients. Nevertheless, no significant effect was found in dNLR in multivariable analysis, which might be related to the small number of included cases and relatively short time of follow-up.
However, there are still several limitations to this study. This is a retrospective study in a single center. Prospective randomized studies are warranted to verify the significance of these indexes for patients after firstline therapy. Moreover, due to the rarity of ENKTL, the number of patients included in this study is limited. Further investigations with larger population cohorts and longer median follow-up are needed to validate the prognostic value of dNLR, ALC in ENKTL patients.
Conclusion
In conclusion, our finding demonstrated that elevated dNLR (≥3.6) was associated with short survival time and inferior therapeutic response in ENKTL, which may act as a potential prognostic factor in patients with ENKTL. Low ALC (<0.8×10 9 /L) at diagnosis of ENKTL represented an independent poor prognostic factor for clinical outcome. The dNLR and ALC may serve as a novel, convenient, inexpensive and independent prognostic factors for patients with untreated ENKTL.
